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CONVERSION FACTORS

For those readers interested in using metric units rather than inch-pound units,
the conversion factors for the terms in this report are listed below.

Multiply By To obtain

acre 4,047 square meter

acre 0.4047 hectare

acre-foot (acre-ft) 1,233 cubic meter

acre-foot (acre-ft) 0.001233 cubic hectometer
acre-foot per year (acre-ft/yr) 1,233 cubic meter per year
cubic foot per second (ft*/s) 0.02832 cubic meter per second
foot (ft) 0.3048 meter

foot per year (ft/yr) 0.3048 meter per year

gallon (gal) 3.785 liter

gallon per minute (gal/min) 0.06308 liter per second

inch 25.40 millimeter

inch 2.54 centimeter

mile (mi) 1.609 kilometer

micromho per centimeter (umho/cm) 1.000 microsiemens

million gallons per day (Mgal/d) 0.04381 cubic meter per second
square foot per day (f£*/d) 0.09290 square meter per day
square mile (mi? 2.590 square kilometer



WATER RESOURCES OF DEUEL AND

HAMLIN COUNTIES, SOUTH DAKOTA

By Jack Kume

ABSTRACT

The water resources of Deuel and Hamlin Counties are relatively undeveloped.
In 1975, only about 6,000 acre-feet of water was used for irrigation, stock, domestic,
and public supplies; most of this usage came from ground water. Average surface-
water runoff from the area is about 37,000 acre-feet annually. At least 95 percent of
the 1.43 million acre-feet of precipitation in an average year is lost to evapo-
transpiration.

An estimated 8.4 million acre-feet of water is stored in three major and several
minor aquifers in the glacial drift. The Big Sioux aquifer, underlying the valley of the
Big Sioux River and some of its tributaries, contains an estimated 0.5 million acre-feet
of water in storage, but is, along with other small, surficial aquifers, the most easily
developed source of good-quality ground water. These aquifers can yield enough to
supply large-capacity wells in many areas. The Big Sioux, and other surficial aquifers,
are hydraulically connected with the Big Sioux River or other streams and sorne of the
many lakes in the area, so that these aquifers can receive recharge from or discharge
water to those streams and lakes.

The other two major aquifers in the drift are the Prairie Coteau aquifer, buried
beneath 3 to 360 feet of till, and the Altamont aquifer, buried beneath 150 to 820 feet
of till and commonly overlying the bedrock surface. The Prairie Coteau aquifer
contains an estimated 5 million acre-feet of water ranging from good to poor in
quality; locally, wells capable of producing as much as 1,000 gallons per minute from
this aquifer are possible. The Altamont aquifer contains an estimated 2.9 million
acre-feet of water ranging from fair to poor in quality; locally, wells capable of
producing as much as 500 gallons per minute could be constructed.

The only known aquifer in the bedrock is the sandstone of the Dakota Formation,
which contains an estimated 5 million acre-feet of saline water.

INTRODUCTION

In eastern South Dakota, ground water supplies most of the domestic and stock
water as well as much of the water needed to meet the rapidly expanding requirements
for irrigation. Rapid increase in the use of water has resulted in a need for more
information about ground water--its occurrence, quantity and quality, and its avail-
ability for irrigation, industrial, livestock, domestic, and municipal use. An additional
concern in Deuel and Hamlin Counties is the effects that ground-water withdrawals
may have on some surface-water resources, such as Lake Poinsett or the Big Sioux
River, and, conversely, the effects on ground-water supplies of natural or man-caused
changes in the levels of lakes or the flow of streams. This report summarizes



information obtained during a cooperative study of the two-county area made by the
South Dakota State Geological Survey and the U.S. Geological Survey at the request of
and in cooperation with the Deuel and Hamlin County Boards of Commissioners and
the East Dakota Conservancy Sub-District.

Deuel and Hamlin Counties, an area of about 1,184 mi? lie across the rolling
glacial upland of the Coteau des Prairies division of the Central Lowlands physio-
graphic province (fig. 1). Part of northeastern Deuel County is in the Minnesota
River-Red River Lowland division. The 16- to 20-mi wide south-southeast trending
valley of the Big Sioux River crosses the eastern two-thirds of Hamlin County. The
valley is asymetrical, deepest near its eastern edge (from about 1,630 ft above sea
level on the south to 1,690 ft in the north), rising gradually to the west and more
rapidly to the east to about 1,700 to 1,750 ft (southern and northern county lines,
respectively). This broad, shallow trough is paralleled on the west by a broad,
moderately higher upland whose crest is somewhat above 1,800 ft altitude (maximum
about 1,930 ft) and is paralleled on the east by a higher, somewhat more rugged
highland whose crest has an altitude of about 2,000 ft (maximum about 2,035 ft).
Northeast of the crest of the eastern highland, the land surface slopes steeply to the
valley of the Minnesota River, which has an altitude of about 1,150 ft in Deuel County.

The physiography and geology of Deuel and Hamlin Counties have been described
in detail by Beissel (in press). Other investigations of geology or hydrology that
included all or parts of Deuel and Hamlin Counties are listed in the Selected
References.

Glacial drift of Pleistocene age and alluvium of Holocene age comprise the
surficial deposits. Except for the Precambrian basement rocks, the consolidated rock
in the county is Cretaceous in age and includes in order of increasing age the Pierre
Shale, Niobrara Formation, Carlile Shale, Greenhorn Formation, Graneros Shale, and
Dakota Formation.

Data used in the preparation of this report may be examined at the U.S.
Geological Survey, Federal Building, Huron, S. Dak., and at the South Dakota
Geological Survey, Science Center, University of South Dakota, Vermillion, S. Dak.

The author gratefully acknowledges help from the well drillers, county and town
officials, and ranchers and farmers of Deuel and Hamlin Counties and adjacent areas.

Special thanks are due to Mr. Jerry L. Siegel and the East Dakota Conservancy Sub-
District personnei, who provided water data including many measurements of lake
stage and of water levels in observation wells.

During this investigation, an onsite field inventory of more than 2,700 private
and public wells was made; more than 733 test holes were drilled; more than
230 partial and 118 complete chemical analyses were made; and data from &4 aquifer
tests were collected and analyzed.

All wells and data sites (which include test holes, sampling sites, observation
wells, and streamflow-measurement sites) are numbered according to a system based
on the Federal land-survey system used in eastern South Dakota (fig. 2).









HYDROLOGY

Water in Deuel and Hamlin Counties is present in streams, lakes, ponds, and
reservoirs and in the interconnected pore space of unconsolidated surficial deposits
and of bedrock strata. Most of the surface water and ground water in surficial
deposits comes from precipitation in Deuel and Hamlin Counties and adjacent areas.
The estimated average annual hydrologic budget for the study area is shown in
figure 3.

The average annual hydrologic budget illustrates inflow and outflow of water for
Deuel and Hamlin Counties. About 1,470,000 acre-ft (479 billion gallons) of water per
year move through the area. About 95 percent (1.4 million acre-ft) of the water is
returned to the atmosphere by evaporation and transpiration. About 82 percent of the
annual lake-evaporation rate of 33.7 inches occurs during the May to October growing
season (Kohler and others, 1959). Only about 2.6 percent of the precipitation becomes
streamflow or aquifer outflow from the area. Average surface-water runoff from the
area is about 37,500 acre-ft. Less than 4 percent of the precipitation percolates
downward to become ground water. Much of this ground water moves laterally in local
flow systems before being discharged by springs to lakes and streams and by
evapotranspiration. In any given year, the water budget probably would show a change
in ground-water storage, which can be detected by and calculated from changes in
water levels in observation wells completed in the aquifers. Over the long term,
however, changes in storage will be zero except where, or if, ground-water discharge
to wells significantly increases. In 1975 only about 6,000 acre-ft of water was used
for irrigation, stock, domestic, and public supplies; most of this usage came from
ground water.

The lakes, streams, and aquifers in the two-county area are hydrologically
connected in a complex pattern. Water moves back and forth between surface- and
ground-water paths in its movement through the counties. The present study disclosed
the broad features of this relationship. A recent study discloses and quantifies the
hydrologic system of the Big Sioux River and Big Sioux aquifer (Koch, 1980). Koch
(1980) included design and verification of a digital model of the hydrologic system that
will predict the effects of changes in precipitation, evapotranspiration, and location
and magnitude of pumpage from the river or aquifer on streamflow and on water levels
in, recharge to, and evaporation from the aquifer.

Surface Water

The surface-water resources of Deuel and Hamlin Counties are outlined and
summarized in figure 4 and tables 1 and 2. All of Hamlin County and much of Deuel
County lie in the drainage basin of the Big Sioux River, a tributary of the Missouri
River. Northeastern and eastern Deuel County lie in the basin of the Minnesota River,
a tributary of the upper Mississippi River. About 34 percent of the area does not
usually contribute water to either the Big Sioux or Minnesota Rivers, but is in basins of
internal drainage. Runoff from land within basins of internal drainage flows to
sloughs, lakes, or ponds and evaporates or infiltrates to aquifers. The area of internal
drainage varies greatly from year to year depending on the quantity and temporal
distribution of precipitation. '

All streams in the two-county area, with the possible exception of the West
Branch of the Lac qui Parle River, have periods of no flow ranging from a week to at
least 10 to 11 months per year for smaller ephemeral streams or more about | year in
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Table 1.--Estimated average annual streamflows of selected drainage basins

[Estimated using the method of Larimer (1970)]

Average annual streamflow—l-/
Drainage
area Acre-feet
Drainage basin (square per square Cubic feet
or stream name miles) mile per second Acre-feet
1  Lake Marsh 68.5 67.0 6.3 4,600
2 lLake Norden 59.5 65.0 5.3 3,900
3 Dolph Creek 46.3 67 .6 4.3 3,100
4  lakes Mary, St. John, 2/
Albert, and Poinsett 74.1 63.3 6.4 = 4,700
5  Willow Creek 13.8 63.0 1.2 3/ 360
6  Stray Horse Creek 78 .7 73.4 8.0 37 8,330
7  Hidewood Creek 123.1 66.3 11.3 =18,980
8 Bullhead Run 15.5 68 .4 1.5 1,100
9  Peg Munky Run 29.2 66.1 2.7 2,000
10 North Deer Creek 20.1 59.7 1.7 1,200
11 South Fork of the
Yellow Bank River 45.7 68.1 4.3 3,200
12  Lost Creek 57 .8 71.6 5.7 4,200
13 Crow Timber Creek 12.2 88.5 1.5 1,100
14 West Branch of the
Lac qui Parle River 43.3 75.8 4.6 3,300
15  Monighan Creek 25.6 74.6 2.6 1,900
16  Cobb Creek 56.0 72.3 5.6 4,100
17  Lazarus Creek 8.7 83.2 1.0 730
18  Parle River 20.5 80.0 2.2 1,700

Does not include precipitation on permanent lakes.

Total flow of streams into the lakes. Evaporation from the lakes exceeds stream
inflow plus precipitation on the lakes by more than 13,000 acre-feet.

Estimated from 7 years of streamflow records.



Table 2.--Average size and volume of water stored in selected lakes

[Data from State Lakes Preservation Committee (1977), except as noted)

Surface Average Volume
Lake or pond area depth stored
(acres) (feet) (acre-feet)
Hamlin County:
Albert 3,610 4 14,440
Clear 704 4 2,816
Dry 1,958 4 7,832
Five Ponds 1,043 2 2,086
Florence 150 3 450
St. John 1,184 4 4,736
Marsh 1,59 4 6,376
Mary 198 2 396
Norden 742 6 4,452
Poinsett 1/7 , 866 10 i 78,660
734 stock ponds and dugouts v 367 8.7 1/ 3,180
Miscellaneous other small natural ponds = 13,180 2.8 = 26,900
Total, Hamlin County 32,596 160,324
Deuel County:

Alice 1,082 6 6,492
Astoria 80 2 160
Briggs 75 4 300
Bullhead 339 7 2,373
Clear 531 4 2,124
Cochrane 365 i1 4,015
Coteau, E 121 2 242
Coteau, N 101 2 202
Coteau, S 224 4 896
Coteau, W 89 2 178
Fish 812 4 3,248
Fox 224 2 448
Francis 110 2 220
Ketchum 83 4 332
Lone Tree 186 4 744
Oliver 154 5 770
Round 91 4 3,764
Rush 139 2 278
Salt 211 2 422
School 326 3 978
School, S 220 2 440
Silver 78 2 156
South Slough 251 2 302
Sutton 88 2 176
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Table 2.--Average size and volume of water stored in selected lakes--Continued

Surface Average Volume
Lake or pond area depth stored
(acres) (feet) (acre-feet)
Deuel County (Cont):
Wigdale 1/ 710 2 1/ 1,420
765 stock ponds and dugouts 1/ 383 8.7 1/ 3,312
Miscellaneous other small natural ponds =" 690 2.8 = 1,932
Total, Deuel County 8,913 35,924

1/ Estimated from information supplied by the U.S. Dept. of Agriculture, Soil
Conservation Service (written commun.).

seven for the Big Sioux River. During periods of extended drought, most streams may
be dry all or most of the year and the Big Sioux River may be dry for as long as 7 or
8 weeks. The West Branch of the Lac qui Parle River is spring fed and appears to have
a continuous base flow.

The Big Sioux River originates in northeastern South Dakota (fig. #) and drains an
area of less than 500 mi® of glacial till and outwash plains before it flows into Hamlin
County. It has a nearly uniform slope of about 16 inches per mile of channel through
Hamlin County.

The estimated flows of selected streams and the estimated collective flows of
several streams in selected basins are summarized in table 1. The flow volumes given
were calculated for points where the streams crossed the county line, where they
joined the Big Sioux River, or where they discharged into a lake. Collective flows
were calculated where several small streams discharged into a lake (such as Lake
Marsh) or where several tributaries left the study area before joining the main stream
(such as the South Fork of the Yellow Bank River). For the basins that include Lake
Marsh, Lake Norden, and Lake Poinsett, the flows given in the table are those of the
streams that flow into the lakes, not the outflow from the respective lakes.
Evaporation loss from the lakes is very large. For example, in the basin that includes
Lake Poinsett, Lake Albert, Lake Mary, and Lake St. John, the average annual
evaporation from the lakes' surfaces is about 13,000 acre-ft greater than the stream
inflow to the lakes. Therefore, this basin contributes surface- and ground-water
outflow to the Big Sioux River and Big Sioux aquifer only during periods of snowmelt
runoff and spring rain, during prolonged wet spells, or unusually heavy storms in
summer. The "deficit" of 13,000 acre-ft is met by discharge to the lakes of shallow
ground-water aquifers in the basin and (mostly) by inflow from the Big Sioux River and
the Big Sioux aquifer whenever the level of Lake Poinsett is lower than the level of
the Big Sioux River or lower than the water table in the Big Sioux aquifer.

11



The total area of open water (lakes, ponds, sloughs) is estimated as 32,596 acres
in Hamlin County and 8,913 acres in Deuel County, based on information supplied by
the U.S. Soil Conservation Service (written commun,) and the State Lakes Preservation
Committee (1977). Many of these lakes are shallow, the average depth under average
conditions ranging from 2 ft for many lakes to 10 or 12 ft for Lake Poinsett (State
Lakes Preservation Committee, 1977; and Barari, 1971a) (see table 2). The areas and
storage volumes of the lakes, ponds, and sloughs varies greatly from year to year.
Lake Poinsett, for example, contains at least 110,000 acre-ft of water when lake level
is as high as the discharge outlet, but maximum storage on record was more than
135,000 acre-ft (1969) and minimum storage was less than 4,000 acre-ft (1936).

The area of open water (lakes and ponds) probably is increasing slowly as many
farmers install ditches and drainage tile to remove surplus water from fields in spring
to improve tillability and to increase tillable acreage. The drained water flows more
rapidly to lakes and ponds or to through-draining streams. Stockponds commonly are
present at low points in the local topography both to intercept more water for stock
use and to act as "sumps" for farmland drainage. In a few locations such ponds store
enough water, or are adequately fed by aquifers, to be a suitable source of irrigation
water.

To assist the user of surface-water information to place the "average' values in
context and also to gain insight into the magnitude and frequency of deviations from
average, hydrologists prepare various kinds of graphs. Streamflow hydrographs for
Stray Horse Creek and for Hidewood Creek are shown in figures 5 and 6. Flow-
probability curves for the Big Sioux River at the gage sites near Watertown and near
Brookings are shown in figure 7.

The hydrographs shown in figures 5 and 6 are based on measurements made at
stream gages on the respective streams. Although these hydrographs are for monthly
mean flows, such graphs can be prepared for almost any length time period. Also
shown in figures 5 and 6 are graphs of precipitation for weather stations in or near the
respective stream basins. Comparison of the precipitation to streamflow shows the
relationship between the two. The departure (difference) from normal (average) is
shown on the precipitation graph. Streamflow and precipitation were highest in spring,
lower during the summer, and lowest during fall and winter. Both streams had periods
of no flow during fall and winter in some years.

The flow-probability curves shown in figure 7 also are based on measurements
made at stream gages and are plotted as 10-day averages. But these graphs show the
probability that a particular stream discharge (rate of flow) will be equaled or
exceeded at any time of the year. As shown by the example on each graph, the
percent of the time that flow will be more or less than a specific value can be
determined for any day of the year.
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Ground Water

The ground-water resources of Deuel and Hamlin Counties include three major
aquifers in the glacial drift (the Big Sioux, Prairie Coteau, and Altamont aquifers), a
major aquifer in the bedrock (the Dakota Formation), and several minor aquifers in
glacial drift and alluvium.

The geology of Deuel and Hamlin Counties is described in detail by Beissel (in
press), so it is discussed very briefly in this report. The stratigraphic column (table 3)
shows the various formations and deposits and summarizes age, depth, thickness, and
other characteristics of the rocks. Pleistocene (glacial) drift and Holocene (post-
glacial) alluvium, ranging from about 170 ft to 820 ft in thickness, comprise the
surficial deposits. The bedrock is Late Cretaceous in age and includes in order of
increasing age the Pierre Shale, Niobrara Formation, Carlile Shale, Greenhorn
Formation, Graneros Shale, and Dakota Formation. The Dakota Formation is underlain
by Precambrian basement rocks. A summary of the hydrologic characteristics of the
major aquifers is shown in table 4.

Glacial Aquifers

Glacial aquifers are those in the unconsolidated deposits of glacial and alluvial
origin. These deposits range from about 170 ft to more than 800 ft in thickness as
shown in figure 8, and are composed of alluvial valley fill, glacial till (end moraine,
ground moraine, and stagnation moraine), and outwash (valley-train outwash, collapsed
outwash, and undifferentiated outwash). The till, an unsorted, unstratified mixture of
clay, silt, sand, and gravel, makes up more than 80 percent of the surficial material.
Numerous deposits of outwash sand and gravel are present either at land surface or
buried beneath till. Many such deposits are lenticular, thin, and discontinuous, but
where tapped by a well, they commonly provide adequate water supplies suitable for
domestic and stock use. The alluvium and drift contain three major aquifers, the Big
Sioux aquifer, the Prairie Coteau aquifer, and the Altamont aquifer.

Big Sioux aquifer.--The most readily available ground water is present in
surficial outwash bodies, the largest and most productive of which is the Big Sioux
aquifer (table 4). The Big Sioux aquifer underlies an area of 178 mi% mostly in the
valleys of the Big Sioux River and its major tributaries (fig. 9). The aquifer is
composed mainly of glacial-meltwater stream deposits except in the areas of Dry,
Marsh, and Clear Lakes where it is a hummocky, collapsed (ice-contact) outwash.
Throughout its extent, the Big Sioux aquifer is underlain by till and commonly is
overlain by alluvial silt and clay (fig. 10). In the Big Sioux River valley-Lake Poinsett
area, the outwash ranges in thickness from about 2 to 123 ft and averages 30 ft. The
outwash is at the land surface or it may be overlain by from 1 to 4 ft of alluvium. In
the Lake Marsh area, the outwash ranges in thickness from about 2 to 65 ft and
averages 30 ft. Near the town of Clear Lake the outwash ranges in thickness from
3 to 88 ft and averages about 20 ft. Estimated storage in the Big Sioux aquifer is
480,000 acre-ft.

Water levels in the Big Sioux aquifer range from land surface to about 18 ft
below land surface and generally are highest in June, although in some parts of the
aquifer they are highest in March or April. This high is in response to recharge from
snowmelt and from spring rain and from floods or high water level of the Big Sioux
River. Low water levels in the aquifer usually occur in September or October except
for a few areas where the annual lows may occur in August or in December. The low
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Table 3.--Generalized stratigraphic column for Deuel and Hamlin Counties

[Stratigraphic column modified from Beissel (1974)]

Era Period Epoch

Unit

Thickness
(feet)

Description

Quaternary Holocene (approximately
the last 10,000 years)

Cenozoic

Pleistocene (approximately
the last 2 million years)

Late Cretaceous
(approximately 63 to
96 million years ago)

Mesozoic Cretaceous

Precambrian

Alluvium

Glacial Drift

Pierre Shale

Niobrara Formation

Carlile Shale

Greenhorn Formation

Graneros Shale

Dakota Formation

Crystalline rocks

0-35

170-820

0-120

0-85

210-240

About 30

40-60

56-80

Silt, clay, and sand. Minor
aquifers are sand lenses
at, or near, land surface.

Till, outwash, and lake
deposits. Major aquifers
are sand and gravel
deposits at the land sur-
face and buried at
various depths within the
till.

Shale, medium- to dark-
gray, contains limestone
and ironstone concre-
tions, many thin ben-
tonite beds. Not an
aquifer but a barrier to
the movement of water.

Shale, light- to dark-gray,
highly calcareous; white-
speckled with micro-
fossils. Not used as a
source for water; un-
known water-yielding
capability.

Shale, medium- to dark-
gray, contains ironstone
concretions and stringers
of fine-grained sand-
stone. Shale is not an
aquifer but a barrier to
the movement of water;
sandstone stringers have
an unknown water-
yielding capability.

Shale, white to light-gray,
highly calcareous, fossil-
iferous. Not an aquifer.

Shale, dark-gray, contains
ironstone concretions.
Not an aquifer but a
barrier to the movement
of water.

Sandstone, white, fine- to
medium-grained, friable
to consolidated. Major
aquifer.

Granite, schist. Not an

aquifer.
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SUMMARY

Deuel and Hamlin Counties have widely distributed and relatively undeveloped
surface-water and ground-water resources. These resources probably could not
support large-scale uses such as irrigation in at least three-fourths of the area.

The largest and most reliable source of surface water is the Big Sioux River. Its
average annual inflow to the two-county area is about 36,300 acre-feet, and it has an
average annual net gain in flow of about 20,700 acre-feet as it crosses the study area.
Flow from the river helps to maintain the levels of several lakes, such as Lake
Poinsett, and the river contributes recharge to adjacent parts of the Big Sioux aquifer.
The river also is the source of water for several irrigation withdrawals.

Other streams are used mostly for stock water, as sources to fill stock dugouts
and stock ponds, and, except for the West Fork of the Lac qui Parle River, are usually
dry except at times of spring snowmelt or heavy rain.

The many lakes in the two counties have little direct use as water supplies,
except for livestock and for recreation. Many of the lakes are parts of the hydrologic
systems of aquifers and have an important roll in the complex interaction of surface
water and ground water. When lake level is high, from runoff, a given lake may be a
major source of recharge to an aquifer, but at other times, when streamflow is low and
evaporation is high, the lake may be a major area of discharge for the aquifer.

Although some lakes are moderately saline to saline, the water of most lakes
normally contains less than 1,000 milligrams per liter dissolved solids.

Ground water, the source of most water used in Deuel and Hamlin Counties, can
support more intensive development. The Big Sioux aquifer and several other surficial,
minor aquifers, underlie about 227 square miles, contain an estimated 0.5 million acre-
feet of water in storage, and are the most widely distributed sources of good-quality
ground water. In some areas these aquifers can support wells of at least 1,000 gallons
per minute capacity. Water in the surficial aquifers is easily susceptible to
contamination from barnyards, feedlots, dumpgrounds, septic disposal fields, and crop
fertilizer because the aquifers are near the land surface and are covered with
permeable material.

The Prairie Coteau aquifer, buried beneath a cover of clay till, underlies about
1,100 square miles, and contains an estimated 5 million acre-feet of water. This
aquifer can supply as much as 1,000 gallons per minute to wells in a few areas, but
drilling costs and pumping lifts will be greater than for wells completed in surficial
aquifers. Also, the water quality generally is poorer, though good quality water can be
obtained in some areas. Of the wells sampled, many were high in nitrate, but the
elevated nitrate levels probably are due to inadequate sealing of the casing or well
bore to surface or near-surface drainage rather than to naturally high nitrate in the
aquifer or to large-scale areal infiltration of nitrate.

The Altamont aquifer, the most deeply buried aquifer in the glacial drift,
underlies about 870 square miles and stores an estimated 2.9 million acre-feet of
water. This aquifer can, in a few areas, supply as much as 500 gallons per minute to
wells, but the drilling costs will be greater than for the other aquifers in the drift.
Pumping lifts will average more than twice those for the Prairie Coteau aquifer, and
the average quality of the water is the poorest of the aquifers in the drift. The water
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generally is saline, very hard, and high in sulfate. Water from many of the sampled
wells was high in nitrate, but this probably is due to leakage of surface or near surface
drainage into the well bore.

The Dakota Formation is the only bedrock unit found to contain an aquifer. The
Dakota underlies the entire area and contains an estimated 5 million acre-feet of
saline water. Due to its depth, and therefore, the high cost of well construction, high
pumping lifts (averaging about 280 feet), and generally poor quality water, the Dakota
probably will not be developed in the foreseeable future. The water is high in boron,
fluoride, sodium, sulfate, and, in some areas, chloride.
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